In order to reduce hidden damage caused in CFRP by low velocity transverse impact, testing procedures must be established by understanding the impact phenomena and the roles of various parameters on damage initiation and growth. Hence, composite plates were stressed and an original method, "ultrasonic tomography;' was applied to detect delaminations on the interfaces. The results show the similarity of the damage growth resulting from static indentation and low velocity impact.
Ultrasonic analysis of damage
The damage and strength loss of carbon-epoxy composites subjected to accidental impacts lead to oversizing the structures, thereby cancelling savings in density. The best design can be obtained only by using appropriate procedures. The development of composites with an improved resistance to transverse impact requires a better knowledge of the damage processes. This knowledge is given by nondestructive testing methods. An experimental analysis was conducted in the attempt to find a damage testing method applicable to improving composites. It was demonstrated recently that an ultrasonic set-up was able to correctly measure the propagation of damage [1, 2, 3] and in particular detect and compare the delaminations caused by static indentation and low velocity impact.
The reference parameter mainly used industrially for post-impact residual strength characterization is the delaminated area obtained by transmission. Ultrasonic testing was therefore applied with this in mind. An example of results obtained is shown Figure l. A more original method~ultrasonic tomographyfhas also been experimented with the aim to visualize the delaminations on the different composite interfaces. This method is based on exploring the material by thickness segments corresponding to time windows (Fig. 2 ).lt appears to be of a great interest to researchers because no one has ever reported the quantitative ply by ply delamination data of impacted laminates and that it would become a formidable task to be undertaken [4] . We investigated to improve the ultrasonic method on this subject.
So, a series of tests was conducted with a 16 mm diameter indenter to obtain the progression of delaminated area for a quasi-isotropic stacking. The results obtained at two loading levels are shown figure 3. One main goal of this study is the understanding of the role of ply arrangements on the form, size and propagation of delaminations. The delamination propagation for two stacking sequences is summarized in figure 4 .
Fig. 1 -Damage visualization by transmission by incremental

Fig. 2 -Analysis by thickness segments.
Other test facilities were used in conjunction with ultrasonic methods to complete or verify the results. In particular, an accelerometric sensor was used to more accurately locate the crack initiation threshold and fractography was used to check the dimensions of the delaminations (Fig. 5) .
The work was done on T300-914 plates with 8 and [0219021021902] 8 stackings stressed at gradually increasing force and energy levels in static and dynamic modes [5] . The force and energy calculations were based on the static behavior by identifying the load displacement curve and using a single impactor mass. The maximum force levels measured during the dynamic and static tests were roughly the same at an energy level done. It reflects good transmission of the impact energy (Fig. 6) . (Fig. 7) .
Although the main part of results was obtained by using a hemispherical tip 16 m.m in diameter, a few parameters such as velocity of movement and loading form were tested in quasi-static mode. They were shown to have very little influence on the size of the delaminated area and the load displacement behavior. When other indenter diameters were used, a slight influence was observed on the crack and delamination initiation thresholds (Fig. 8) .
The damage processes of a quasi-isotropic composite can be summarized as follows (see figures 1 and 3) . 
1) Loading level 13:
There is a matrix crack threshold. 2) A matrix-crack development (increase of number) follows, until loading level 6. 3) Loading level 6:
There is a delamination threshold. Delaminations are detected on each of composite interfaces (except first) but the delamination along the bottom interface is very small.
4) Loading level 5:
There is a matrix crack development along with a soft general delamination propagation. The delamination size increases from the impact side to the opposite side, at each interply location.
5) Loading levels 4,3, 7:
Next, delamination propagation is noticed particularly along the two farthest from the impact side interfaces. 6) Loading levels 2,1:
There is a fast delamination propagation threshold concerning particularly these two interfaces. A similar damage growth is observed in a [0219021021902]8 lay-up under static loading and in a quasi-isotropic composite under low velocity impact (see figure 7) .
From the results we can conclude that ultrasonic investigations are very useful for establishing delamination propagation modes, damage initiation criteria and should be of a great benefit to researchers. Ultrasonic properties on multidelaminations are suitable for tracking the damage evolution in the thickness and could be very useful for post impact studies (residual strength).
